The electron drift velocity, longitudinal diffusion coefficient and ionization coefficient in the Ar-N 2 mixtures have been measured over the E/N range from 0.8 to 200 Td for Ar contents from 2% to 99.95%. The pulsed Townsend technique was used for these measurements. The electron drift velocity curves for high concentrations of Ar in the mixture (90% and 99.9%) agree very well with previous measurements from Haddad for E/N<10 Td. A well-established set of cross sections for Ar and N 2 over a wide energy range has been used to calculate the above coefficients. The agreement with measured drift velocities and ionization coefficients is good over almost all the ranges of overlap and mixture combinations. Monte Carlo and Two-Term calculations were performed. Blanc's law failed for most of the mixtures at low and moderate E/N. Additionally, electron mean energies and the ratio between the transverse diffusion coefficient and the electron mobility, D T /K were calculated.
Introduction
Studies of kinetic phenomena in low pressure, low current gas discharges have increased recently since it was shown that both phenomena will affect the models of collisional non-equilibrium plasmas, and also because it is possible to represent them well with kinetic plasma models [1, 2] . One of the test models for a number of kinetic phenomena is the mixture of argon and nitrogen, where large vibrational excitation cross sections coincide with the low but rapidly increasing elastic cross sections of argon in the region of the Ramsauer-Townsend minimum.
It used to be typical in swarm physics that studies of the cross section data were performed at low energies where all of the available transport coefficients could be measured. The task of completing measurements at higher E/N was seldom attempted. The present paper is one such attempt to improve the basis for the models by carrying out appropriate measurements and by verifying the available data in comparison with the experiment.
Thereby we have set out to perform one such comparison between experimental data for transport coefficients at low currents and low pressures. The range of energies that was covered is broad and will enable us to venture into the mean energy range which yields significant electronic excitation.
Details of the calculations
For the calculations we have used the available cross section sets consistent with those derived by Haddad [3, 4] for lower energies and Phelps and Tachibana at higher mean electron energies [5, 6] . The details of the cross section sets and a comprehensive list of references is given in some of our previous papers [7, 8] .
Calculations were performed both by a two-term code (ELENDIF) and by our Monte Carlo (MC) code that has been verified against all benchmark tests and was shown to give results of the highest available accuracy [9, 10] . The two-term results were mainly taken as a guide to provide smoother graphs and also to extrapolate results to low values of E/N where superelastic collisions are important and MC codes last forbiddingly long. In general one does not expect the two term results for the mixtures of Ar and N 2 to be of a very high accuracy [4, 11] especially for characteristic energies.
Experiment
The swarm parameters in the Ar-N 2 mixtures were measured by using a pulsed Townsend apparatus, the details of which can be found elsewhere [12] . Briefly, the pulsed Townsend method relies on the observation of the total displacement current produced by the motion of ions and electrons across a parallel-plate discharge gap that produces a highly homogeneous electric field. The initial electrons are released by the incidence of a UV pulse from a Nd-YAG laser (λ=355 nm, 3ns FWHM)) upon an aluminium cathode. Since the mobility of the electrons is much higher than that of the ions, then it is possible to separate the electronic contribution from the ionic one. In this case, the electron drift velocity, the effective ionization coefficient and the density-normalized diffusion Topic number: 01 coefficient were derived from an analysis of the electron component [6] .
The measurements were carried out at room temperatures in the range 293-300 K. The pressure range was varied between 0.5 and 600 torr. The Ar and N 2 gas samples had a quoted purity of 99.99% and 99.999%, respectively.
Results
The experimental uncertainty of the measured drift velocities, longitudinal diffusion coefficients and ionization coefficients is 1-2%, 10-15% and 4-7%, respectively.
In the MC simulations we have followed from 10 000 to 100 000 electrons through a large number of collisions. Typically, a statistical uncertainty of better than 0.1% was achieved for most (velocity space) parameters. We may therefore conclude that the uncertainty in the calculated data comes mainly from the uncertainty of the cross sections that were employed.
Electron drift velocities
An example of the measurement and calculation of the electron drift velocity in the 80%Ar-20%N 2 mixture is given in Fig. 1 . Here, we see that both the Two-Term (Elendif) and the Monte Carlo codes agree well with each other and with the measurements over the whole range of E/N. On the other hand, the application of Blanc's law to this mixture based on the values of the electron drift velocity in pure Ar and N 2 fails to reproduce the measured and calculated values previously referred to. Note that the curves exhibit a slight negative differential conductivity region [13] that becomes more pronounced as the amount or Ar in the mixture increases (see Fig. 2 ) Figure 2 shows the present measurements of the electron drift velocity for 0.05%, 0.1% and 1% Ar in 99.95%, 99.9% and 99% N 2 , respectively, together with the previous measurements of Haddad [3] for 0.1 and 1% Ar. In both cases, the agreement of the present, measured data with the data of Haddad is excellent. In this context it is interesting to mention that such agreement is irrespective of the technique used. Haddad used a high accuracy time of flight drift tube, while the present measurements were obtained from a pulsed Townsend experiment. This agreement, far from being fortuitous, is the result of two carefully made measurements. One should bear in mind that the differences between the experimental results of different types of experiments may be expected only when nonconservative collisions become significant and, in this case, only when ionization becomes important. Haddad did not extend his measurements to such high fields but it would be interesting to extend the comparison to the region where non-conservative processes are important (either to a high E/N where ionization is significant or to electronegative gases). In addition, we have made sure that the transport of electrons is studied for conditions where there are no non-hydrodynamic effects or, in other words, that the swarm of electrons is properly relaxed. In order to illustrate the sensitivity of the present experimental setup, also shown in Fig. 2 is the measurement of the electron drift velocity for 99.95% Ar in 0.05%N 2 , which lies close to the Ar curve, though still bearing the signature of a negative differential conductivity effect.
Mean energy of the electrons
Even though a measurement of the mean electron energy in the swarm is inaccessible to the present experiments, the calculations do permit an accurate knowledge of it. An example of this is shown in Fig. 3 for the 50% Ar -50% N 2 mixture. Again, as for the case of the electron drift velocity, one observes a good agreement between the Twoterm (Elendif) and the Monte Carlo calculations. 
Diffusion coefficients
Also inaccessible to the present measurement setup are either the transverse diffusion coefficient D T or the ratio D T /K, where K = v e /E is the electron mobility. A curve of this ratio D T /K for the 2% Ar -98% N 2 mixture is shown in Fig. 4 as a function of E/N. Note that, as with the electron drift velocity and the mean energy of electrons, both the Elendiff and Monte Carlo calculations agree with each other very satisfactorily over almost three orders of magnitude in E/N.
We have been able to measure the longitudinal diffusion coefficient D L , presented here as the normalized product ND L , as a function of E/N for the particular case of the 2% Ar-98% N 2 mixture. A comparison with the calculated values shows that the measurements follow the same trend of the calculated ones, although the former are systematically higher, turning out to be up to about a factor of 1.5 higher for E/N<100 Td. At the higher end of E/N the agreement improves. We ascribe this discrepancy to the fact that our measurements may be influenced by the finite duration of the laser pulse and also by the limited bandwidth of the associated instrumentation. 
Ionization coefficients
A plot of the measured and calculated densitynormalized ionization coefficients α/N in the 2% Ar-98% N 2 mixture is given in Fig. 6 as a function of E/N.
We observe an excellent agreement between the measurements and both the Elendif and Monte Carlo calculations for E/N>70 Td, although the Elendiff calculations predict a different trend for E/N<70 Td.
As explained above, the Two-term results were taken mainly as a guide, to provide smoother graphs and also to extrapolate results to low values E/N where superelastic collisions are important and MC codes last forbiddingly long. Other Ar-N 2 mixtures gave similar results between calculations and measurements. 
Conclusions
The present paper represents an attempt to improve the basis for the models by carrying out appropriate measurements and by verifying the available data in comparison with the experiment over a wide range of electron impact energies and of E/N in the measurement. Thus, the cross section sets have been used to calculate the electron drift velocities over a wide range of E/N. The two-term code rendered v e values slightly higher at low E/N than those obtained from the more accurate Monte Carlo calculations. The agreement of the latter calculations with the measured data is excellent.
The longitudinal diffusion coefficient is the most difficult transport parameter to measure with the present technique. The main drawback stems on the need to reduce the operating pressure substantially in order to ameliorate the influence of the finite duration of the photoelectron pulse and of the overall bandwidth of the electronic instrumentation associated to the measurement of the avalanche.
The present codes permit the accurate calculation of the mean energy of the electron swarm and of the ratio between the transverse diffusion coefficient and the electron mobility, D T /K.
Finally, we have found that the Monte Carlo calculation of the ionization coefficients of the Ar-N 2 agree very well with the measurements. The range of energies that was covered was broad and enabled us to venture into the mean energy range, which yields significant electronic excitation.
